TADF in copper complexes is still difficult to predict a priori, let alone to design TADF materials, as it is an excited state property. In contrast, cuprophilic interactions can be prearranged in the ground state by careful choice of the ligand environment, and they have been shown to allow, albeit inefficiently, phosphorescence in simple dinuclear Cu I complexes with bridging diphosphines and other systems, [20] [21] [22] [23] and also in clusters. [24] [25] [26] A few dicopper(I) complexes with short Cu-Cu contacts (o2.8 Å) have been reported to emit efficiently via TADF, but the influence of cuprophilic interactions in those has yet not been addressed. 4, 8, 19, [27] [28] [29] In this case study on a family of new bidentate copper(I) NHC-picolyl complexes we show that cuprophilic interactions can greatly enhance the radiative rate constants of the T 1 state by increasing spin-orbit coupling (SOC), giving emission lifetimes comparable to TADF, and can even be involved in the luminescence mechanisms when TADF is present. Thus, cuprophilic interactions provide a design methodology for highly efficient Cu I emitters.
For this study, we have prepared a series of Cu I NHC-picolyl complexes (1-7, Fig. 1 ) by a facile one-step silver-free procedure from azolium chlorides in aqueous ammonia as basic and copper complexing medium (see ESI †). 30 The azolium salts include new picolyl linkers, functionalized in the para position with Cl, Me, OMe and NO 2 . The complexes obtained are related to previously reported analogs, of which no photophysical properties have been described, [31] [32] [33] [34] [35] and also form monomeric, dimeric and polymeric structures depending on the picolyl donor strength and/or the crystallization method. The molecular structures of 1-4, obtained by single-crystal X-ray diffraction ( Fig. 1 and ESI †), exhibit two bidentate IMesPic ligands attached to two CuCl fragments such that each of them bridges the two copper centers, resulting in Cu1Á Á ÁCu1A distances ranging from 2.5226(8) Å (1) to 2.5744(9) Å (4), indicative for cuprophilic interactions. Indeed, our DFT calculations give a Mayer bond order for the Cu-Cu bond in 1-4 of ca. 0.3. NBO analysis suggests a weak orbital interaction between the d orbitals of the two copper atoms, which we even find in HOMOÀ6 and HOMOÀ7 of compound 4 with the longest Cu-Cu distance (Fig. S10 , ESI †). The NHC moieties interact with both metal centers leading to C1-Cu1 bond lengths between 1.940(2) Å (4) and 1.9462(19) Å (1), and longer C1AÁ Á ÁCu1 distances between 2.5483(19) Å (1) and 2.621(3) Å (4). The mesityl and pyridyl rings of the two ligands are oriented in a nearly coplanar fashion.
The pyridyl substituents R = Cl (1), Me (3) and OMe (4) have no significant effect on the general packing pattern of the molecules in the solid state, but a linear monomeric structure is obtained for R = NO 2 (7), and we also found 6 (R = H) as a polymorph of 2 (see ESI †). In these cases, the NHC-picolyl moiety coordinates exclusively with its carbene moiety (Cu1-C1 = 1.8960(14)/1.891(2) Å (6/7)). A third structural motif can be realized when the mesityl substituent of the NHC is replaced by a 2,6-diisopropylphenyl group ( Fig. 1 and Fig. S14 , ESI †). As in 1-4, the NHC-picolyl moiety acts as a bidentate ligand which bridges two copper centres. However, this does not result in the formation of a dimeric structure, but in a coordination polymer instead. A comparison of the bond lengths in 2 and 5 reveals a significant elongation of the Cu1-Cl1 bond (+0.122 Å), a less pronounced increase of the Cu1-N3A bond length (+0.015 Å) and a shortening of the Cu1-C1 bond (À0.041 Å). The sum of the bond angles around the tricoordinate copper atom equals to 359.91 (N3A-Cu1-Cl1 = 101.46(4)1; C1-Cu1-Cl1 = 134.78(6)1; C1-Cu1-N3A = 123.67(7)1) testifying to a planar, but distorted trigonal coordination geometry.
While the monomers 6 and 7 are not luminescent due to missing coordination of the picolyl moiety, crystalline 1-5 show bright greenish emission under near-UV excitation ( Fig. 2 and Table 1 ). The broad excitation and emission spectra indicate a charge transfer (CT) nature of the involved excited states. Interestingly, the radiative rate constants of the dimers 1-4 (k r = 4.4-7.4 Â 10 4 s À1 ), which all exhibit cuprophilic interactions ( Fig. 1) , are greatly enhanced by a factor of 2-3 compared to polymeric [CuCl(IDippPic)] N (5) (k r = 2.2 Â 10 4 s À1 ) with no Cu-Cu contacts, leading to much higher quantum yields. There are two reasons for the enhanced radiative rate constants of the dimers [Cu 2 Cl 2 (IMesPic R ) 2 ]: (i) TADF is operative in 1 (R = Cl), 2 (R = H) and 3 (R = Me) (Fig. 3 and Fig. S5 (ESI †), Table 2 ), (ii) exceptional strong SOC leads to fast phosphorescence from T 1 in 4 (R = OMe) and, again, in 3. The temperature dependent emission lifetime measurements of 1 and 2 give largely monoexponential decays and suggest thermally equilibrated states being involved. The experimental data have been fitted to eqn (1)
with the Boltzmann constant k B , t(S 1 ) and t(T 1 ) being the intrinsic lifetimes of the singlet and triplet excited states, respectively, and the activation energy DE(S 1 -T 1 ). The resulting energy gap DE(S 1 -T 1 ) of only ca. 710-740 cm À1 is in agreement with our TD-DFT calculations, which suggest DE(S 1 -T 1 ) of Communication ChemComm À1 for 1 and 2, respectively (see ESI †). These gaps are small enough to allow efficient thermal RISC from the long-lived triplet state T 1 (t = 101 ms (1), 93 ms (2) at 77 K) to the energetically higher lying, short-lived singlet state S 1 , and thus account for the decrease of the lifetime (or increase in k r ) by a factor of 8-9 upon warming from 77 K to room temperature.
1 Polymeric 5 behaves differently as a pure triplet emitter with a much lower k r at 298 K, as indicated by the linear increase of its emission lifetime with decreasing temperature (Fig. 3) . In contrast, strong SOC mediated by the two copper(I) atoms leads to unusually fast radiative decay (t E 19 ms at 77 K) from the T 1 state in 4 (R = OMe) with no TADF (Fig. 3) , which suggests DE(S 1 -T 1 ) 4 1800 cm À1 as supported by our TD-DFT calculations (see ESI †). Interestingly, compound 3 (R = Me) displays both TADF and very fast phosphorescence from a triplet state, and thus appears to be a photophysical Janus compound. At 77 K, the emission is dominated by a triplet state with strong SOC and a short lifetime of only 23 ms. However, a minor component (10%) with a much longer lifetime of 113 ms is also present. The pre-exponential factors of the biexponential decays change in favor of this long-lived emission with increasing temperature (Fig. 4) . The two distinctly different lifetimes at 77 K are indicative for two thermally non-equilibrated triplet states, which are of different nature. Both seem to be involved in TADF processes, as the respective lifetime fits according to eqn (1) give the same S 1 lifetime of 170 ns (Fig. 4 and Table 2 ). Above 247 K, all three states, i.e. the two triplets and the singlet, are thermalized leading to a single lifetime.
According to our DFT calculations (PBE0-D3BJ/def2-TZVP/ ZORA), the T 1 states of the TADF emitters 1 (R = Cl) and 2 (R = H) can be characterized as MLCT with only one copper(I) atom mainly being involved (Fig. 5 and Fig. S6, ESI †) . This assignment is in agreement with other Cu I TADF emitters, of which the 3 MLCT states exhibit similar lifetimes as found for 1 and 2. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] 28, 29 However, the T 1 state of the highly efficient pure triplet emitter 4 (R = OMe) contains a significant Cu 2 -NHC/py contribution, allowing for very efficient SOC, coupling T 1 with the ground state S 0 . Consequently, we conclude that TADF and phosphorescence in the Janus compound 3 originate from two distinctly different triplet states, which are a 3 MLCT with a long lifetime (t 77K = 113 ms) similar to 1 and 2, and a which corroborates our findings. The photophysical behaviour and the nature of the states involved for 1 and 2 are summarized in Fig. 6 (left) .
The strong SOC mediated by the cuprophilic interactions is also responsible for the exceptionally fast pure phosphorescence (t(T 1 ) 77K = 19 ms) from a 3 (Cu 2 -NHC/py)CT state in dimer 4 (R = OMe), as depicted in Fig. 6 (right) . In terms of design criteria, this finding shows how important it is to keep c The amplitudeweighted lifetime was used for the fit (see ESI). the electron density of the triplet state close to the Cu 2 core. The highly exciting Janus behaviour of dimer 3 (R = Me) combines the two mechanisms, allowing the longer-lived 3 MLCT and the short-lived 3 (Cu 2 )LCT to participate in the TADF mechanism.
Thus, cuprophilic interactions can ensure strong SOC for fast ISC T 1 2 S 1 and T 1 -S 0 , and therefore can serve as a design motif for the construction of highly efficient Cu 
